The seeds of sweet lupine cultivars (Lupineus species) have been used with increasing frequency as a source of proteins replacing proteins of animal origin or soybean in feed compounds. The seeds of sweet lupine cultivars contain an average of about 33-40% crude protein in dry matter, the lipid content ranges from 5 to 13%. The profile of amino acids is relatively beneficial, however, with slightly lower content of lysine (1.46%) and methionine (0.22%). The main storage carbohydrates in the seeds are the β-galactans that comprise most of the cell-wall material of the kernel and the cellulose and hemicellulose of the thick seed coats. Lupine seeds contain about 40% non-starch polysaccharides (NSP) and a negligible amount of starch. High coefficient of protein digestibility (> 90%) has been reported in sweet lupine cultivars, but lower digestibility of energy (~ 60%). Lupineus species contain negligible amounts of trypsin inhibitor so they do not require preheating before being used as an ingredient in feeds for monogastric animals. The efficiency of lupine seeds in the diets for pigs is characterized by controversial results of growth and feed conversion under both mechanical treatment and enzyme supplementation. The results of production efficiency obtained at the testing of lupine cultivars (L. albus, L. angustifolius) for pigs were beneficial at supplementation of the lacking nutrients or dehulling. The submitted paper summarizes national as well as foreign knowledge of the nutritive value of cultural lupine seeds, and deals with the possibility increasing nutrition and production efficiency in the diets for pigs.
Lupine has been included among eight potential vegetable sources of protein for the use in feed and food that replace proteins of animal origin in the diets (Dijkstra et al. 2003) . The yield of 3,000 to 5,000 kg/ha seeds results in a potential production of up to 2,000 kg/ ha protein.
The world producer and exporter of lupine seed is Australia, whose production represents 80-85% of global production, of which 90-95% is exported (White et al. 2007 ). In [2005] [2006] Australian production exceeded 1 million tons of low-alkaloid lupine, of which more than 300,000 tons were for their own consumption and the rest was exported to the whole world including Europe. Approximately 40% of the exported lupine seed is used as feed for dairy and meat-type cattle, 40% as feed for pigs feed and the rest is equally distributed for the nutrition of sheep, goats and poultry (White et al. 2007) . In Europe, the main growing areas can be found in Germany, France, Benelux, Spain, Poland, Ukraine and Russia.
At present, so called "sweet" lupine variants are being cultivated, in which the content of bitter substances does not exceed 0.05%. A very low content of nutritive-active factors, low allergenicity and a positive impact on prevention of cardiovascular diseases (hypocholesterolaemic effects and anti-hypertensive activity) have been reported in these cultivars, which leads to their increased use in feed and food industry (Martins et al. 2005) .
In the Czech Republic we lack precise data on lupine cultivation. According to the estimation of the company Agritec Šumperk Ltd., the lupine growing area could reach up to 7,000 ha, with an average yield of about 3,100 kg/ha on some farms. White lupine (L. albus L.), narrow-leafed lupine (L. angustifolius L.) and yellow lupine (L. luteus L.) are the most frequent species cultivated in the Czech Republic. At present, most of the lupine production is intended as components of feed compounds; whilst the market with lupine seed for food industry is still being developed. The importance of lupine cultivation can also be seen in the EU policy supporting the HEALTHY-PROFOOD research project (Anonymous 2008).
Species, cultivation, physical and chemical characteristics and basic analyses
The genus of lupine (Lupineus L.) belongs to the family Fabaceae -fabaceous (leguminous), subfamily Genisteae (Šikula and Zubrický 1964) . The genus comprises 200-300 species of which only five have been used as cultural plants. In the Czech Republic, white lupine (L. albus), narrow-leafed lupine (L. angustifolius) and yellow lupine (L. luteus) are currently used for both feed and food purposes.
The thin root system with its deep penetration of up to 20 cm bellow the surface, enabling nutrient uptake from deeper layers, are some of the major advantages of lupine plants (Anonymous 2007) . Lupine growth is promoted by bacteria in the root system that can fix nitrogen from the atmosphere and transform it into more readily available ammonia. Lupines are nodulated by soil bacteria that can, under favourable conditions, provide all the nitrogen needed. The nodules are able to fix 160-200 kg nitrogen/ha during the vegetative period, of which about one half is left in the soil, thus fertilizing plants the following year. Lupine is also able to receive sparingly soluble phosphates from the soil. Potassium is not a limiting element, either. Nitrogen fertilizers are only applied in very low productive soils at the rate of 10-15 kg/ha. Increased sensitivity to the complex of root and cervical diseases and susceptibility of stems to mycoses has been observed during the vegetative period. The complex Botrytis cinerea, Fusarium oxysporum and Phoma medicanidis have the worst effects, followed by anthracnosis caused by the fungus Colletotrichum lupinei (Plaskowska et al. 2000; Nirenberg 2002 ).
White lupine (L. albus) is an autogamous plant. It reaches the height of 0.75-1 m. The flowers are blue or white. The seeds are large, cream in colour with a circular flattened shape, and with a 1,000-seed weight of 350-400 g. Narrow-leafed lupine (L. angustifolius) is 0.40-1 m high; the flowers are white and blue and the plant has considerably narrow leaflets of palmate compound leaf. Yellow lupine (L. luteus) is predominantly autogamous, 0.40-0.75 m high with yellow or orange flowers. Both the latter species have round seeds with seed coat colour from white and yellow to brown, mostly with brown or black marbling. The 1,000-seed weight is 130-180 g. The hull accounts for 22% of lupine seed weight (Anonymous 2007).
Proteins and amino acids
The seeds of sweet lupine species (L. albus, L. angustifolius, L. luteus) contain 28 to 48% (an average of about 33-40%) crude protein in dry matter, which depends on the species and climatic conditions (Hove 1974; Green and Oram 1983; Sousa et al. 1996; Linnemann and Dijkstra 2002; Sujak et al. 2006 ). Great differences in the protein content (from 317.1 g/kg cv Boruta to 458.8 g/kg cv Juno in dry matter) were found in the most frequently cultivated lupine species in Europe by Straková et al. (2006) . Seed analysis of L. luteus cv Juno showed crude protein contents in the range of 39.8 to 48.2% in dry matter (Roth-Maier and Kirchgessner 1993) . Variability in protein content is determined by genetic and environmental effects and the year of harvest (Zdunczyk et al. 1996) (Table 1 ). The profile of amino acids is characterised by a lower level of methionine (~ 0.2% of the seed, 0.66 g/16 g N), cysteine (~ 0.4% of the seed, 1.36 g/16 g N) and lysine (1.46% of the seed, 4.75 g/16 g N) (Petterson 2000) . Threonine level reaching 1.15% is low, and tryptophane content with 2.76 g/kg is also low compared to soy (Simon and Jeroch 1999) . In contrast, arginine content is markedly higher, reaching 31.0 to 48.0 g/kg (Suchý et al. 2005) . The highest level of amino acids within the crude protein (AA -97.7 g/16 g N) was in white lupine characterised by a higher essential amino acid index (EAAI) (about 85%) as well as chemical score (CS) (about 60.2%) of restrictive amino acids, and the highest protein efficiency ratio (Sujak et al. 2006) . Zralý et al. (2007 Zralý et al. ( , 2008 and Písaříková et al. (2008) found the following levels in the seeds of cultivated lupines: crude protein from 336.9 to 435.7, lysine from 16.4 to 22.6, methionine 401 et al. (2000) from 2.6 to 5.0 and threonine from 11.6 to 15.8 g/kg DM. Dehulling resulted in the increase of protein and amino acid levels by approximately 13%.
In Lupineus species the sum of amino acids was about 90% of the value of N × 6.25. This approximates to a conversion factor of 5.6. Thus about 10% of the nitrogen present in lupine seed is likely to be of non-protein origin (Petterson 2000) . This is similar to the value suggested by Sosulski and Imafidon (1990) for L. albus.
Fibre
Lupine seeds contain more dietetically beneficial crude fibre compared to other leguminous plants. Lupine seed is notable for its high fibre content and the absence of starch. The fibre in lupine seed is suited as dietary fibre (Johnson and Gray 1993) . The reserve carbohydrate is stored in a thickened cell wall to 1/3 of kernel weight, mostly as pectin-like material (little cellulose/hemicellulose). These characteristics are responsible for the cholesterol-lowering properties of fibre.
Lupine fibre can substantially reduce cholesterol level, as well as it can improve bowel function and reduce the intestinal transit time. In lupine species cultivated in Europe, the content of crude fibre ranged from 94.4 to 142.0 and acid detergent fibre (ADF) from 124.2 to 192.2 g/kg and was higher compared to soybean according to Straková et al. (2006) . Písaříková et al. (2008) found in the seeds of cultivated lupine species markedly lower level of crude fibre (by 75%) and its components -neutral detergent fibre (NDF -by 70%), acid detergent fibre (ADF -by 69%), and acid detergent lignin (ADL -by 99%) due to dehulling.
The composition of polysaccharides in Lupineus albus L. 2043N was studied by Mohamed and Rayas-Duarte (1995) who found the contents of IDF and SDF in lupine cotyledons 21.5% and 2.2%, and 86.1 and 1% in the hulls, respectively. According to Evans and Cheung (1991) , the composition of dietary fibre extracted from the hulls or cotyledons of L. angustifolius differs predominantly in the galactose content. Major component of cotyledons is galactose whilst the dominant component of the hull is glucose.
As the term "fibre" is inaccurate and rather related to the analytical conception than to a certain nutrient, attention is paid to its components, i.e. saccharides and oligosaccharides.
Saccharides
The seeds contain very little starch, with carbohydrates stored in the form of complex polysaccharides in the thick cell walls of the cotyledons, and as cellulose and hemicellulose in the testa (Brillouet and Riochet 1983; Weightman et al. 1994; Petterson 1998; van Laar et al. 1999) . Although lupine seed contains low level of starch, values in the range 3.8% to 10.1% (Roth-Maier and Kirchgessner 1993; Straková et al. 2006) or 1% to 2% (Bagger et al. 1998 ) have been mentioned in the literature. These differences might be due to the analytical method used. Certain disadvantages can be obtained using the Ewers polarimetric method in which partial hydrolysis of fibre fractions may occur resulting in higher values obtained. The enzymatic method offers lower values but more reliable results.
Major constituent of polysaccharides are non-starch polysaccharides (NSP) -polymers of galactose, arabinose and uronic acid (Jean-Marc and Carre 1989). Non-starch polysaccharides are an excellent source of food fibre with high water binding (up to eight-fold volume).
Production responses to the inclusion of lupine seeds in pig diets can be impaired if the overall NSP content of the diets is high. Van Barneveld (1997) determined the apparent ileal amino acid digestibility and digestible energy (DE) of wheat, barley, triticale and lupine seeds and then formulated a diet to contain 500 g/kg of each cereal, respectively, and 350 g/kg lupines. The diets were equalized for ileal digestible amino acids with lysine limited at 0.40 g/MJ DE, and the growth rates of pigs fed on these diets were determined. A highly significant difference was observed in the empty-body-weight gain of pigs fed on the diet containing lupines plus barley compared with lupines plus wheat and lupine plus triticale, respectively. Based on the original diet formulations, all pigs should have grown at the same rate if the apparent ileal lysine digestibility and DE values were additive when the lupines and cereals were combined in a mixed diet. It appears that the antinutritive effects of soluble and insoluble NSP from lupines and barley are amplified when these feed ingredients are combined.
The high level of readily fermentable NSP in lupines has a significant effect on the way that energy is derived from this legume by livestock. In single-stomached animals, energy contained in monosaccharides absorbed from the small intestine is utilized differently from volatile fatty acids derived from fermentation taking place in the hindgut. In pigs, van Barneveld et al. (1995) demonstrated that as the level of lupines increases in the diet, digestible energy does not change, but the proportion of energy digested in the end of the small intestine (which will influence net energy) significantly decreases. Noblet et al. (1998) suggested that lupines are an excellent energy source for pigs in spite of their high rate of digestion in the hindgut.
Oligosaccharides
Lupine seeds contain significant levels of oligosaccharides of the raffinose family. Oligosaccharides -α-galactosides include especially raffinose, stachyose, verbascose and ajugose. According to the data reported by Saini (1989) , white lupine seeds contain from 7 to 14% α-galactosides, whereas in the seeds of other lupine species, their levels can reach up to 20%. The most abundant oligosaccharide was stachyose (2.8%), followed by saccharose (1.8%) raffinose (0.4%), and verbascose (0.3%). Verbascose plus stachyose (3.1%) content was lower than literature reports for soybeans (4.6%) (Mohamed and Rayas-Duarte 1995) . Zdunczyk et al. (1996) found in white lupine species 7.1 to 8.6% α-galactosides in dry matter. The results indicate that different conditions of cultivation and harvest in particular years can affect the oligosaccharide content in the seeds of the same variety. The content of α-galactosides differs among lupine species from about 60 g in L. angustifolius to 105 g/kg DM in L. luteus (Gdala el al. 1997) . Similar content of α-galactosides was found by in L. angustifolius and L. luteus (40.8 a 73.5 g /kg organic matter). In L. albus cv Amiga, Zralý et al. (2007) found α-galactosides level of 42.2 g/kg DM.
Alfa-galactosides cannot be metabolised in the small intestinal tract by endogenous enzymes from the animal due to absence of α -(1.6) galactosidase activity in the intestinal mucosa (Gitzelman and Auricchio 1965) . High levels of raffinose oligosaccharides may have a number of negative effects on the nutritional value of lupines. These may include (1) interference with the digestion of other nutrients in the small intestine; (2) decreased dietary net energy contributions due to a higher proportion of hindgut fermentation (Taverner et al. 1985) ; (3) anaerobic fermentation of these sugars in the hindgut resulting in increased gas production; and (4) an osmotic effect of these oligosaccharides in the intestine. Extraction of oligosaccharides from lupines has been shown to improve the DE content for growing pigs (van Barneveld et al. 1996) . Ethanol extraction significantly improved (P < 0.05) the digestion of all amino acids in both L. angustifolius and L. albus. These results suggest that oligosaccharides are hindering the digestion of amino acids in the small intestine of pigs fed on diets containing lupines.
As a result of impaired intestinal function (flatulence, osmotic effect, fluid retention, dysbacteriosis), lower nutrient and energy conversion as well as health disorders and lower performance occur (Batterham 1992; Veldman et al. 1993; Gdala et al. 1997) . Although galactosides are responsible for the flatulent effect, their apparent prebiotic effect is high. Surprisingly, α-galactosides (and some other oligosaccharides) are used as additives into functional foods. They show prebiotic characteristics as they serve as a substrate for bacterial microflora, stimulating the growth and activity of bacteria in the colon, which is beneficial for the host. These oligosaccharides also influence the sensory characteristics (taste, texture and colour) of foodstuffs; they are low-energetic, their characteristics are similar to those of fibre, and are evidently anti-carcinogenic. Their industrial application into the functional foodstuffs has already been realised (Guillon and Champ 2002) .
Lipids
The fact that α-galactosides are to a large extent fermented in the colon can cause flatulence as well as insufficient net energy uptake from lupine seeds, despite their high gross and digestible energy value. The data of Fernandez and Batterham (1992) show that the net energy of soybean oilmeal is equal to 52% of its gross energy content, whereas that of the narrow-leaved lupine only 43%. The high digestibility of lupine nutrients in the entire digestive tract, which is the basis for calculating the energy value of feeds for pigs, may lead to overestimation of the energy value of lupine, especially for younger animals. This problem is more important in respect to yellow lupine, which in comparison with white or narrow-leaved lupine seeds, contains more seed hulls and α-galactosides (Saini 1989) . This suggests that the dehulling of seeds and consequent elimination most of the α-galactosides may increase the energy value of these seeds for pigs. Another way is supplementation of lupine diets with fat. The positive effect of increasing the energy level in the diets of pigs on protein synthesis and weight gains has been found in numerous studies (Donovan et al. 1993; De Greef et al. 1994; Flis et al. 1996; Zralý et al. 2007 ).
The oil content of lupine seed ranges from 9 to 15% in L. albus (Pate et al. 1985) . Lupine oil is high in polyunsatured fatty acids and contains a high level of vitamin E and low levels of linolenic acid, which minimize the potential for rancidity. The content of crude fat in seeds ranges between 5 and 13% (Dijkstra et al. 2003) . High proportion (up to 80%) of unsaturated fatty acids, i.e. oleic acid and linoleic acid has been reported by Yanez et al. (1983) , Erbas et al. (2005) , and others. There is little variation in the composition of the oil fraction in seed of L. angustifolius grown in Australia with the major components being palmitic (11%), oleic (33.5%), linoleic (37.1%) and linolenic (5.3%) acids (Petterson 2000) . In lupine species which are most frequently cultivated in Europe, the content of crude fat ranges from 47.6 to 117.6 g/kg in the original sample (Straková et al. 2006) . Zralý et al. (2007 Zralý et al. ( , 2008 and Písaříková et al. (2008) found the fat content of 107.7 g/kg in the white lupine variety Amiga, and in the variety Butan the fat content was 79.1 and 102.3 g/kg DM in whole and dehulled seed, respectively. The total sum of unsaturated fatty acids was 87.5% (Amiga) and 89.2 or 89.3% (Butan). No effect of dehulling was found on the total sum of unsaturated fatty acids.
Mineral substances
Of macroelements, the analyses confirmed the presence of potassium, phosphorus, calcium, magnesium and a low level of sodium. The manganese content of seeds was relatively high, ranging from 0.44 to 1.45 g/kg (Zdunczyk et al. 1996) . Manganese level of 896 mg/kg was found in L. albus. L. albus, in contrast to L. angustifolius, appears to accumulate high levels of manganese, which can approach toxicity concentrations for some monogastric species (White et al. 1981; Petterson 2000) . The following levels of elements were found in the original matter of lupines cultivated in Europe: calcium 2.10 to 4.66, phosphorus 4.29 to 7.20, magnesium 1.20 to 2.25 g/kg, potassium 8.6 to 11.1 and sodium 0.1 to 0.2 g/kg (Zeman et al. 1995) .
Vitamins
The reported vitamin levels in mg/kg in Australian lupines (ASL) are as follows: β-carotene 3.5, thiamin 5.3, riboflavin 2.8, biotin 0.04, folic acid 0.4, choline 3035, niacin 36, panthotenic acid 1.6 and α-tocopherol 2.2. High level of α-tocopherol up to 4.2-4.6 mg/ kg is reported in the cultivars Merrit and Gungurru (Petterson 2000) .
Antinutritive substances
The proportion of antinutritive substances in newly selected sweet lupine varieties markedly decreased compared to bitter lupine varieties and therefore these varieties can safely be fed to ruminants and monogastric animals (Aniszewski et al. 2001; Ciesiolka et al. 2005) . Antinutritive substances comprise predominantly chinolizidine alkaloids (lupineidin -spartein, lupanin, lupinein and others), glycosides (lupineid, albin, multiflorin, anagyrin and others). Further, these can include trypsin and chymotrypsin inhibitors, tannins, phenolic substances, lectins and some others. The typical alkaloid profile in Australian lupines is lupanin 42-59%, 13-hydroxylupanin 24-45%, angustifolin 7-15%, α-isolupanin 1-1.5% and traces of other alkaloids. Trypsin inhibitor activity is less than 0.3 mg/kg and chymotrypsin inhibitor activity is less than 0.6 mg/kg. The tannins are concentrated in the seed coats (hulls), therefore dehulling will minimise any adverse effects. However, the concentration of condensed tannins is so low in lupines (~ 0.01%) that it is unlikely to impair protein utilisation by any animal species (Petterson 2000) .
Increase of nutritive value of seeds
Lupine seeds can be used as a supplement to feed compounds following mechanical treatment by grinding or crushing. It is advantageous that lupine seeds, in contrast to soybeans, do not require heat treatments. Improvement of the nutritive value of lupine can promisingly be obtained by the increase of lysine and methionine content, decrease of fibre content, and by reduction of the side effects of NSP using exogenous enzymes. The level of limiting amino acids can be increased either by natural selection or genetic intervention. Insertion of the sunflower gene encoding sulphur-containing albumin carried out by Molvig et al. (1997) resulted in transgenic lupine whose seeds contained 3.9 g methionine/kg DM compared to 1.7 g in the parental cultivar grown in an identical stand. Positive results were also obtained by Ravidran et al. (1998) in fattening of broiler chickens.
As the seed coats account for 15 to 22% of seed weight, either breeding for a thinner hull or dehulling can be considered as a method of obtaining better quality feeds with a higher content of proteins and energy and lower proportion of crude fibre. However, data from the literature concerning the effect of seed dehulling on digestibility of protein, amino acids and energy, or on performance characteristics are rather inconsistent (Fernández and Batterham 1995; Flis et al. 1996; Gdala et al. 1996; Noblet et al. 1998; King et al. 2000) . Supplementation of exogenous enzymes to exclude possible negative effects of non-starch polysaccharides and oligosaccharides on amino acid digestion and utilisation of feed energy appears as an efficient method.
Very few data are available on the influence of enzymes in combination with lupine in the diets of pigs. Roth-Maier et al. (1994) did not confirm a positive effect of supplementation of the enzymatic preparation Roxazyme G (xylanase, cellulase, glucanase and pectinase) at the rate of 200 mg/kg lupine the performance of piglets. Flis et al. (1998) found no significant effect of application 1 g Porzyme/kg of diet with the inclusion of L. albus. On the other hand, Gdala et al. (1997) found that supplementation of α-galactosidase (5 g/kg feed) in pig diet (L. luteus, L. angustofolius) resulted in significant improvement of digestibility of the raffinose type oligosaccharides and a positive effect on ileal digestibility of most amino acids (P < 0.05). Similar significant increase of feed efficiency was reported by following application of xylanase (0.5 g/kg feed) into the lupine diet of pigs at finishing. In this respected, the results are promising, however, further investigations are needed to test other enzyme application and their dosing.
Production efficiency of lupine in pigs
Data on the effect of lupine on production efficiency in pigs has not always been consistent either. Decreased intake of feeds and decreased growth rate were observed in pigs with a diet containing 150-430 g/kg seeds L. albus (Batterham 1992; Donovan et al. 1993; Roth-Maier and Kirchgessner 1993; Zettl et al. 1995) . Van Nevel et al. (2000) and King et al. (2000) found that a 30% proportion of white lupine in feed compound resulted in decreased feed intake, lower conversion of nutrients and growth depression. King et al. (2000) failed to confirm the positive effect of seed dehulling and amino acid supplementation, thus considering possible negative effect of antinutritive substances, such as alkaloids, α-galactosides or high level of manganese (White et al. 1981; Roth-Maier and Kirchgessner 1993; Petterson 2000) . In contrast, Gdala et al. (1996) did not observe growth depression in pigs fed diet with L. angustifolius (410 g/kg of diet), compared to the diet based on barley and soybean. Positive results with yellow lupine, variety Juno, were also obtained by Flis et al. (1996) . The nutritive value of whole and dehulled lupine was studied in fattening pigs by Fernández and Batterham (1995) who did not confirm the positive effect of dehulling. The effect of dehulling on digestive utilisation of nutrients and energy content of digestible or metabolisable energy of L. angustifolius was studied in fattening pigs and gilts by Noblet et al. (1998) . In whole seed, dehulled seed, and hulls they found a digestibility coefficient of energy of 77, 81, and 40% in experiments with growing pigs and 85, 89 and 78% in adult sows, respectively. The corresponding digestible energy contents were 15.7, 16.8, 7.3, 17.3, 18 .6 and 14.1 MJ/kg of dry matter. Higher digestibility of fibre was found in gilts compared to growing pigs (40% in growing pigs and 90% in adult sows). High coefficient of protein digestibility (> 90%) but lower digestibility of energy (~ 60%) is reported for sweet lupines (Petterson 2000) .
The nutritive value of diets with a different proportion of cultural lupines (L. angustifolius and albus) for fattening pigs was investigated by Zralý et al. (2006 Zralý et al. ( , 2007 Zralý et al. ( , 2008 and Písaříková et al. (2008) . In the experimental diets, dehulled cultivar Sonet made up 10%, whole seed cultivar Amiga 20%, and whole or dehulled seeds of the cultivar Butan replaced 50% or 100% protein of soybean extracted meal. The testing of the cultivar Amiga gave non-significantly higher live weight gains and higher feed efficiency in pigs fed the diets supplemented with amino acids and fat (0.88 kg/day, 2.55 kg/kg) compared to the control diets containing animal protein (0.83 kg/day, 2.75 kg/kg) or soybean (0.86 kg/day, 2.66 kg/kg). In the starter diets with the cultivar Butan, the mean daily gain was non-significantly lower by 1.5 to 6.2% compared with soybean, however, in the experimental grower and finisher diets, the performance and feed efficiency were higher compared to the control. The authors confirmed that in the diets for fattening pigs, protein of animal origin or soybean can be completely supplemented by lupine, provided that the diets are balanced with limiting amino acids, and the nutritive value is increased by fat supplementation and dehulling. No antinutritive effect has been observed at the above proportions of lupines in the experimental diets.
Nutriční hodnota lupiny v dietách pro prasata -review
Semena sladkých druhů lupiny (Lupineus species) jsou v poslední době stále častěji využívána jako zdroj proteinů nahrazující v krmných směsích živočišné bílkoviny nebo sóju. Semena obsahují v sušině průměrně 33 až 40 % hrubého proteinu, obsah tuku je v rozmezí od 5 do 13 %. Aminokyselinové složení je poměrně výhodné, poněkud nižší je obsah lysinu (1,46 %) a methioninu (0,22 %). Hlavní zásobní sacharidy v semenech jsou β-galaktany, které tvoří většinu materiálu buněčných stěn zrna, celulózy a hemicelulózy u silných vrstev osemení. Semena lupiny obsahují okolo 40% neškrobových polysacharidů (NSP) a zanedbatelné množství škrobu. U sladkých lupin je udáván vysoký koeficient stravitelnosti proteinu (> 90 %), ale nižší stravitelnost energie (~ 60 %). Lupiny obsahují zanedbatelné množství inhibitorů trypsinu, proto nevyžadují tepelné ošetření před použitím jako složka krmiva pro monogastrická zvířata. Účinnost lupiny ve výživě prasat charakterizují ne vždy jednoznačně pozitivní výsledky v růstu a konverzi krmiva, a to jak při použití mechanických úprav tak při suplementaci enzymů. Výsledky produkční účinnosti dosažené při ověřování kulturních lupin (L. albus, L. angustifolius) u prasat byly příznivé za předpokladu vybalancování chybějících živin nebo odslupkování. Předkládaný článek shrnuje domácí i zahraniční poznatky o nutriční hodnotě semen kulturních lupin, zabývá se možnostmi zvýšení jejich nutriční a produkční účinnosti ve výživě prasat.
